ABSTRACT A 6-yr survey (2003Ð2008) identifying the ant fauna present in Maine lowbush blueberry Þelds was conducted in Washington and Hancock Counties. Pitfall trapping, leaf litter, and hand collections, as well as protein and sugar baits were used to characterize the resident ant community in this habitat. Estimates of faunal richness as impacted by the blueberry crop stage (pruned or fruit-bearing), methods of pest management (grower standard, reduced-risk, or organic), and location within Þelds (middle, edge, or forested perimeters) were determined. In total, 42 species were collected from blueberry Þelds, comprising Þve subfamilies and 15 genera. Myrmica sculptilis Francoeur, Myrmica americana Weber, and Formica exsectoides Forel were the three most abundant species. Formica ulkei Emery, Myrmecina americana Emery, and Leptothorax canadensis Provancher represent new species records for Maine. Ants were most diverse in organic Þelds, and along the edge and within the wooded areas surrounding Þelds. Results suggest insecticide application reduces ant diversity.
Hö lldobler and Wilson (2009) describe colonies of Formicidae as superorganisms, individuals that cooperate and dominate the environments in which they thrive. Within agroecosystems, Formicidae are major predators of invertebrate prey (Way and Khoo 1992) , facilitate the aeration of soil and cycling of nutrients (Gotwald 1986, Hö lldobler and Wilson 1990) , disperse seeds (Beattie 1985 , Lundgren 2009 , and may serve as pollinators (Free 1970) . Current integrated pest management (IPM) programs that incorporate ants include cocoa (Smith 1981) , mango (Duc and Hao 2001) , sweetpotato (Lagnaoui et al. 2000) , banana (Gold et al. 2001) , and cashew (Peng and Christian 2010, Choate and . Ants may also have a negative inßuence on agroecosystem production. By tending honeydew-producing Hemipterans, ants may deter parasitoids and predators that regulate numbers of these insects below economic threshold (Way and Khoo 1992, McPhee et al. 2008) , resulting in damaging outbreaks. Ant species that sting or bite may irritate humans, livestock, or other beneÞcial arthropods (Vinson and Greenburg 1986 , Vandermeer et al. 1990 , Peng and Christian 2010 . Lastly, several highly predaceous species are invasive and thus, their inßu-ence is not only on pest insects, but may include native beneÞcials as well (Gotelli and Arnett 2000) .
Lowbush blueberry, Vaccinium angustifolium Aiton, is native to North America (Vander Kloet 1978) and occurs naturally throughout the understory of Maine forests (Yarborough 2009 ). Lowbush blueberry yields are greatest when Þelds are pruned post harvest after the Þrst killing frost into the spring (Yarborough 2010) , either by burning or mowing to remove as much of the above ground vegetation as possible (DeGomez 1988) . This creates a 2-yr cycle, vegetative growth dominates the Þrst year and fruit is produced in the second (DeGomez 1988) . Unpublished data of large ant mounds postpruning indicate that both burning and mowing simply remove the above ground portion of the nest. At the time of pruning the majority of workers, and the queen, have retreated to deeper areas within the nest (Choate 2010) . Thus, removal of the top of the mound does nothing more than lead to frantic construction by worker ants in the early spring. At no point in the production of lowbush blueberry is the Þeld tilled thus those portions of the nest below ground are not affected (Robertson et al. 1994) . The inßuence of crop stage on arthropod abundance remains largely unknown. A major factor in structuring mound-building ant communities is the application of pesticides (Choate 2010) . Herbicides are often applied during the vegetative crop year (Yarborough 2010 (Yarborough , 2011 , while timing of insecticide application This is Maine Agricultural and Forestry Experiment Station publication number 3259. Mention of trade names or commercial products in this publication is solely for the purpose of providing speciÞc information and does not imply recommendation or endorsement by the USDA.
varies (Yarborough and Drummond 2011) . Variation in management between the two crop stages may have some inßuence on ant species richness and diversity; in addition the act of pruning may disrupt ant colonies to the point of evacuating the Þeld.
In the 1980s and 1990s, researchers began introducing IPM practices, such as monitoring methods and action thresholds for a variety of pests, as well as evaluating the efÞciency of reduced risk insecticides. In an effort to reduce the unnecessary spraying of high-toxicity chemical pesticides, researchers continue to improve monitoring methods, evaluate biological controls, and search for less toxic alternative insecticides (Drummond and Collins 1999) . In 2006 it was reported that only 1.4% of lowbush blueberry land was managed organically . Several studies throughout the literature report the beneÞts of organic management practices on beneÞ-cial arthropod communities. Letourneau and Goldstein (2001) report increased predator abundance and species richness in organic tomato production when compared with conventionally produced tomatoes. A meta-analysis assessing biodiversity and species abundance in organic agroecosystems demonstrated a positive response by Carabid beetles and predatory insects to organic farming practices (Bengtsson et al. 2005) . Laboratory assays monitoring survival rate of mound-building Formica sp. exposed to lowbush blueberry foliage treated with insecticides indicated extreme sensitivity to one of the most commonly applied chemicals (Choate 2010) . Additionally, many farmers may use only chemical herbicides to control weeds. The decreased abundance of vegetation throughout these plots is likely to result in a decrease of ant diversity (Stork 1988) . Thus, it is likely that the intensive use of chemical insecticides and herbicides will negatively inßuence ant species richness.
Insect predator abundance and diversity has been reported to vary signiÞcantly between the edges and middle of agricultural Þelds (Dauber and Wolters 2004, Haysom et al. 2004 ). Dauber and Wolters (2004) report an increase in nest densities at the edge of Þelds for six of the eight most abundant ant species collected across areas of varying land use. In lowbush blueberry, Þelds are often surrounded by wooded areas with abundant honeydew-producing hemipteran populations that are necessary for worker survival. These insects are not common on blueberry plants (Yarborough and Drummond 2011); therefore, edges may be an ideal habitat because of their close proximity to this resource. Edges may also receive less insecticide input in conventionally farmed Þelds, with applicators treating the central areas of the Þeld most intensely. The microclimate along edges varies from the center of the Þeld that may also inßuence ant abundance (Tscharntke et al. 2002) .
Recent efforts to move toward more sustainable forms of management have resulted in surveys of predators throughout this system, such as spiders (Collins et al. 1996 , Maloney 2002 , hymenopteran parasitoids (Karem 2005) , and Opiliones (Drummond et al. 2010) . In this paper, we describe the Formicidae fauna collected in the lowbush blueberry agroecosystem in Hancock and Washington Counties, Maine, from 2003 to 2008. Our objective was to estimate faunal richness as determined by the blueberry crop stage, methods of pest control, and location within Þelds. Understanding how management is inßuencing natural enemies is essential to increasing their abundance and decreasing the use of damaging and costly chemicals.
Materials and Methods
Sampling of Formicidae was conducted over a 6-yr period with the sampling regime varying each year (Table 1) . Variations in ant richness among Þelds of various cropping stages (pruned and vegetative), management practices (organic, reduced-risk and grower standard), and at various locations throughout Þelds (middle, edge, outside the Þeld) were the primary comparisons throughout the study. We hypothesize that ant richness and diversity will not be inßu-enced by cropping stage; however, previous studies indicate that intense management practices will result in decreased ant abundance. The lack of honeydewproducing hemipterans on blueberry foliage suggests that colonies will prefer the edge or areas outside the Þeld in an effort to minimize foraging distance to obtain this necessary resource.
Sampling Methods. From 2003Ð2007 Formicidae were sampled using pitfall traps consisting of plastic cups 7.0 cm in depth with a top opening diameter of 10.5 cm. The traps were Þlled one-third to one-half full with ethylene or propylene glycol. A sheet metal rain shield with three or four 8.9 cm nails as supports was placed over each trap and remained in place until traps were serviced. Pitfall traps were removed from the ground and placed at Ϫ20ЊC until sorted. Formicidae were removed and curated for identiÞcation.
In 2008, additional sampling methods were used to further assess ant diversity in the selected treatments. SpeciÞcally, Þelds were sampled by leaf litter collection, bait deployment (protein/lipid and sugar) and hand collection. Baits were deployed in clear plastic vials (5.5 cm long, 1.5 cm diameter), consisting of a 1 ϫ 1 cm-square of tuna (protein/lipid) or a small piece of gauze soaked in 25% sugar water (vol:vol) (sugar). After 2 h, trap captures were collected and stored at Ϫ20ЊC until they could be curated. Leaf litter and hand collections were standardized using a 1 ϫ 1 m quadrat. For litter samples all surface material and Ϸ1 cm depth of soil were collected within quadrats. Ants were extracted into 70% ethanol by drying the samples over 48 Ð72 h in 25 cm Berlese funnels under 40W light bulbs. Ants were hand collected using a mouth aspirator and specimens were immediately placed in 70% ethanol.
Formicidae Identification. All ants were identiÞed with assistance and veriÞcations provided by A. Francoeur (Université du Qué bec à Chicoutimi). Voucher specimens were deposited at the entomology collection, University of Maine, Orono, ME, and the Centre de Donné sur la Biodiversité du Qué bec, Université du Qué bec à Chicoutimi, Saguenay, Qué bec.
Studies. 2003 -2005 . In 2003 , Formicidae were sampled from Þve fruit-bearing and Þve vegetative (pruned) Þelds. Each Þeld contained two treatment plots separated by a windbreak of pine trees. One of the paired Þelds was managed with reducedrisk (RR) practices, receiving only low-input insecticides throughout the season; and the other Þeld was managed under grower standard (GS) practices, generally using broad-spectrum insecticides for insect pest control (Drummond et al. 2010) . In 2005, only the Þve fruit-bearing Þelds were sampled and Þelds were divided into GS and RR plots as described above. In 2004 and 2005, four and three organic Þelds were sampled respectively. Organic Þelds were all fruitbearing Þelds and were managed using no synthetic fertilizers or pesticides (Table 1) .
In 2003, two applications of spinosad (SpinTor 2 SC) were applied to three RR, fruit-bearing Þelds to control blueberry spanworm, Itame argillacearia (Packard) (Lepidoptera: Geometroidea); two applications were also applied to all fruit-bearing Þelds to control blueberry maggot ßy, Rhagoletis mendax Curran (Diptera: Tephritidae). Species richness was the diversity metric used in all analyses. For 2003 and 2004 data, a randomized complete block split-split plot analysis of variance (ANOVA) was used to compare ant species richness among the various. Field sites were independent and chosen at random within a large growers set of Þelds. Crop stage (vegetative or fruit-bearing) was the main Þxed factor, pest management strategy (GS, RR) was the split plot factor (a random effect of pest management strategy nested within crop stage) and location in the Þeld (E, M) was the split-split plot factor (a random effect nested within crop stage and then pest management strategy). The analysis was performed in the statistical software package JMP (JMP 2009). In 2005 because only fruit-bearing Þelds were sampled, a split-plot ANOVA was conducted to compare species richness between management types and location in the Þeld. In this model the main Þxed effects were pest management (GS, RR) and the split plot was a randomized effect of Þeld location (E, M, W) nested within pest management strategy. SigniÞcantly different means were separated using TukeyÕs honestly signiÞcant difference (HSD). An unbalanced one-way ANOVA was conducted to compare ant species richness in organic Þelds with RR and GS Þelds for 2004 and 2005 . In this analysis sample sizes were unequal because of less representation in the region by organic production. SigniÞcantly different means were separated using TukeyÕs HSD (JMP 2009).
2006. To assess species richness in proximity to F. exsectoides mounds, two active mounds were selected from each of three organic, fruit-bearing lowbush blueberry Þelds (Table 1) in Hancock and Washington Counties for a total of six mounds. Three line transects were initiated from the center of each mound, separated by 120Њ angles. Five pitfall traps were placed at varying distances from the center of the mound along each transect for a total of 15 pitfalls per mound. During June and July pitfall traps were placed 3, 6, 9, 12, and 15 m from the center of the mound. In August and September traps were placed further from the mound at 3, 9, 15, 23, and 30 m. Traps remained in Þelds for 48 h beginning on 1 June, 8 July, 10 August, and 11 September.
Data were analyzed using two methods. First, two randomized complete block ANOVAs were conducted, one for June and July data and one for August and September data. This was necessary because traps were placed further from the mounds later in the summer and so a model incorporating a time effect such as a repeated measures design was not possible. Mound trap captures from each Þeld were pooled for each distance from the mound. Field was the block effect and distance from mound the model effect. The dependent variable was ant species richness. Second, an analysis of covariance (ANCOVA) was conducted to determine the impact of F. exsectoides density in traps on ant species richness (Hawes et al. 2002) . F. exsectoides density, date, and the interaction were model effects. The date by density interaction was removed if not signiÞcant (P Ͼ 0.05; JMP 2009), thereby adjusting for the covariate.
2007. To assess species richness in various locations throughout Þelds, pitfall traps were placed in 10 fruitbearing, grower standard Þelds in Washington County, ME. Six pitfall traps were placed in each Þeld. Three traps were placed at least 30 m into the Þeld (M) and three traps were placed along the Þeld border within 3 m of the edge (E) ( Table 1 ). The traps were left out for one week from 10 to 17 July. A randomized complete block ANOVA was conducted to compare ant species richness estimated from pitfall traps at the edge and middle of Þelds. Trap captures were pooled among traps within each Þeld location. Location in Þeld (E, M) was the model Þxed effect and Þeld the blocking factor.
2008. Baits, leaf litter, and visual sampling on foliage were conducted to compare with species richness trapped in pitfalls. Sampling was conducted in three organic and three grower standard fruit-bearing lowbush blueberry Þelds in Washington County, ME. Sampling was conducted in the middle of the Þeld, 30 m into the Þeld (M); along the Þeld border within 3 m from the edge (E); and outside of the Þeld border 3 m into the wooded area surrounding the Þeld (W) ( Table 1) . Eighteen total baited vials were placed in each Þeld, nine sucrose baits and nine protein baits. Three baits of each type were randomly placed in the middle, on the edge and along the outside of the Þeld. Leaf litter was collected from the middle, edge, and outside of each Þeld. Hand collections were conducted for 1-min in Þve areas in the middle, edge, and outside of Þelds. Fields were sampled in late May and July.
An ANOVA was conducted to compare species richness in Þelds of each management type (organic, GS) and in various locations throughout the Þeld (M, E, W). The Þrst analysis was conducted with management type as a main plot effect and management type by Þeld location as the nested split plot effects. Because the management type by Þeld location interaction was not signiÞcant it was removed from the model and the residual mean square was used for testing the model effects. Management type and location in Þeld were then assessed as model effects.
Year Comparisons. Data from all years were combined to assess the adequacy of our sampling efforts in determining species richness and to examine various patterns in species richness. To determine whether our sampling efforts provided a sufÞcient measurement of species richness throughout lowbush blueberry Þelds we developed a sample-based rarefaction curve (Gotelli and Colwell 2001) using the software EstimateS (Colwell 2004) . Samples from all Þelds and years were randomized without replacement and the cumulative number of different species tabulated. This procedure was repeated for 100 randomizations. The software provided estimates of rareÞed species richness (S MaoTao ), which is the expected species accumulation curve.
Linear correlation was used to examine the relationships between total abundance of ants and ant species richness, as well as Þeld size and ant species richness (JMP 2009). Mantel tests were conducted using 2004 and 2007 data to determine if distance between Þelds inßuenced ant species communities (PC-ORD; McCune and Mefford 1999). The greatest number of Þelds was sampled during those 2 yr. The Sorensen similarity matrix was calculated for ant species community data. Nonmetric multidimensional scaling (Clarke 1993, McCune and Grace 2002) was used to assess ant community and Þeld management and location associations. The software PC-ORD (McCune and Mefford 1999) was used for the ordination analysis relying upon the Sorensen distance metric with the autopilot option to select the dimensionality of the model.
Results
We found 42 ant species representing 15 genera and Þve subfamilies (Amblyoponinae, Dolichoderinae, Formicinae, Myrmicinae, and Ponerinae) during 6 yr of sampling lowbush blueberry Þelds in Washington and Hancock Counties, ME ( (Table 2) . Two Amblyopone pallipes (Haldeman) workers were collected in two separate organic Þelds (Table 2) . Aphaenogaster rudis complex (c.f. picea) was most common in organic Þelds with only four of the 345 individuals trapped in GS and RR Þelds (Table 2) . No patterns in species dominance throughout various Þeld locations emerged upon examination of the data. Common species were often dominant in all locations throughout the Þeld. Lasius pallitarsus (Provancher) is the only exception with all 65 workers trapped in the wooded habitat adjacent to organic Þelds in 2006.
Rarefaction curves were calculated for each sampling method without reference to the Þeld in which each sample was located (Fig. 1a,b) . Pitfall trapping (Fig. 1a) resulted in more species than bait collections ( Fig. 1b) with species numbers in baits reaching an asymptote at less than 10 species. Litter collections appear to accumulate species more quickly than visual collections (Fig. 1b) . Sample-based rarefaction curves indicate that pitfall trapping will result in the greatest accumulation of species richness. Overall, our sampling and analysis suggests a maximum of Ϸ40 Ð50 species found within Maine blueberry.
The greatest number of species was collected in pitfall traps with a mean of 24 species trapped each year (Fig. 1c) . Dolichoderus pustulatus was collected in leaf litter during 2008 sampling, but was not observed during any other years or sampling methods. Collection of leaf litter and processing with Berlese funnels resulted in the capture of 19 species. Richness sampled from both protein/lipid and sugar baits were combined in Fig. 1c (Fig. 2) ; however, the interaction (Fig. 3) . Also for both years the interaction between crop stage, management, and trap location was signiÞcant (2003: F ϭ 8.29; df ϭ 1,39; P ϭ 0.01; 2004: F ϭ 5.21; df ϭ 1,39; P ϭ 0.04). Pairwise comparisons did not show similar patterns for this interaction between years. In 2005 only fruit-bearing Þelds were sampled; therefore, analyses compared species richness between management types and trap location throughout Þelds. There was no difference between species richness in Þelds of different management types. During this year, traps were placed in the middle, edge, and outside Þelds in the wooded surrounding areas. Ant species richness was signiÞcantly greater in the woods and edge of Þelds than in the middle of Þelds (F ϭ 15.10; df ϭ 2,27; P ϭ 0.0003) when comparing grower standard and reduced risk Þelds (Fig. 3) .
Comparisons between management types incorporating the additional organic Þelds that were sampled (Fig. 2) . Grower standard and reduced risk Þelds did not differ signiÞcantly from one another in species richness. Species richness as a result of the location of traps in Þelds did not vary signiÞcantly in 2004; however, in 2005, species richness was signiÞ-cantly greater on the edge of the Þeld and in the surrounding woods, than in the middle of the Þeld (F ϭ 7.08; df ϭ 2,36; P ϭ 0.003). In 2008, ant species richness was signiÞcantly greater in organic Þelds than in grower standard Þelds (F ϭ 17.20; df ϭ 1,35; P ϭ 0.0002) (Fig. 2) . Richness was only marginally significant for trap location throughout Þelds with wooded areas having greater richness than the edge and middle of Þelds (F ϭ 3.08; df ϭ 2,32; P ϭ 0.06), similar to 2005. In 2007, richness was compared between the edge and middle of the Þelds and was statistically greater on the edge of Þelds than in the middle (F ϭ 6.32; df ϭ 1,59; P ϭ 0.02) (Fig. 3) .
Distance of traps from F. exsectoides mounds, as well as abundance of this species in traps, had no inßuence on ant species richness. Species richness varied between Þelds in June and July (F ϭ 4.64; df ϭ 2,29; P ϭ 0.02), but not August and September. When all data were combined and the impact of F. exsectoides was assessed by number of individuals in traps, date was signiÞcant (F ϭ 17.17; df ϭ 1,57; P ϭ 0.0001) with ant species richness decreasing throughout the season.
A signiÞcant relationship between Þeld abundance and richness was established with total ant abundance increasing as species richness increases (Fig. 4) . Linear correlation between richness and abundance was signiÞcant (r 2 ϭ 0.35; P Ͻ 0.0001). Species richness in a Þeld and the size of the Þeld (hectares) were signiÞcantly inversely correlated (r 2 ϭ Ϫ0.37; P ϭ 0.05), with smaller Þelds having greater species richness. Results of the Mantel test indicated that distance between Þelds did not inßuence the similarity of ant species communities between Þelds in 2004 and 2007.
NMS ordination was conducted to evaluate speciesmanagement type associations. A three-dimension solution was optimal with a Þnal stress of 14.16, an acceptable Þnal stress according to Clarke (1993) . Axes one through three represent 29, 25, and 23% of the variance, respectively. 
Discussion
Past and recent surveys of ants in Maine were conducted throughout coastal (Wheeler 1908 , Procter 1946 , Ouellette et al. 2010 ) and forested (Lough 2003) regions of the state; however, none focused on the landscape characterized by the production of lowbush blueberry. Francoeur and Jobin (1968) surveyed lowbush blueberry in Qué bec, identifying 10 ant species during a single year survey. Tapinoma sessile (Say), C. noveboracensis, L. alienus (Foerster), L. neoniger Emery, F. lasiodes Emery, and F. subsericea were common between their study and this one. A recent survey of Acadia National Park (ANP) recorded 42 ant species from 14 genera (Ouellette et al. 2010) . Myrmecina americana, a new species record in Maine, resulted in the additional genus collected during our study. ProcterÕs survey of ANP in 1946 reported the presence of both F. neorufibarbis Emery and F. neogagates Viereck (Procter 1946) , although these species were not collected during the recent survey (Ouellette et al. 2010) , we did collect them in lowbush blueberry. Evaluation of ant diversity in clearcuts of western Maine identiÞed three species that we did not collect (Lough 2003) . Formica podzolica Francoeur was not identiÞed in lowbush blueberry; however, Lough (2003) notes that this species was positively correlated with F. neorufibarbis, a rare species in our survey. Francoeur (1983) reports that both species are often found in the tree-line of northern Qué bec forests under stones and lichen or in rotting wood. It is possible that additional visual or hand collecting in wooded areas outside of blueberry Þelds may have resulted in additional individuals of these species.
The most abundant species collected during our study was M. sculptilis. This species has been identiÞed in wetlands and rocky outcrops at ANP (Ouellette 2010) , and throughout Qué bec (Francoeur 2010) . M. americana, the second most common species collected, is an open Þeld ant (Traniello 1987) found throughout eastern Canada and the northeastern United States (Creighton 1950) . The ecological distribution of this species ranges from open woodlands in the east to high elevations in the Rocky Mountains (Creighton 1950) . F. exsectoides was the third most common species, because of its abundance in 2006 collections. Such large numbers of workers in pitfalls is an artifact of the original experimental design. The objective of this experiment in 2006 was to identify the impact of foraging workers on other arthropods throughout lowbush blueberry (Choate 2010) . Because F. exsectoides is a major arthropod predator throughout lowbush blueberry, it is important to note that this species seems to have no effect on ant species richness. Thus, additional ant species that may contribute to pest control or soil nutrient cycling are not being negatively inßuenced by this abundant species.
Three new state records were identiÞed during our survey. F. ulkei has been reported in Qué bec (Francoeur 2010) and Nova Scotia (Fisher 2010) , and is often associated with water (Talbot 1961) . Colonies inhabit mounds composed of soil and debris (Holmquist 1928) positioned in areas of full sunlight (Dreyer and Park 1932) . It has been described as a temporary social parasite on F. glacialis (Mrowka 2007) , which may explain the close proximity of F. ulkei and F. glacialis on the nonmetric multidimensional scaling plot. Holmquist (1928) reports laboratory colonies of F. ulkei feed upon a variety of insects, suggesting it may be a valuable predator of pest insects throughout lowbush blueberry. M. americana has been identiÞed from southern Canada to Baja California (Fisher and Cover 2007) , and speciÞcally north of Maine in Qué bec (Francoeur 2010) . Colonies of M. americana are found in soil and litter microhabitats of wooded areas where workers prey upon soil microinvertebrates, speciÞcally oribatid mites (Fisher and Cover 2007) . The Þnal species record is L. canadensis, which has been collected in New England and eastern Canada (Heinze 1993) . This species has a wide habitat range nesting in coniferous forests, spruce bogs, dense spruce forests, and deciduous forests with maples, oaks, and white pines (Heinze 1993) .
Species abundance was greatest in pitfall traps, the collection technique used during 5 yr of this study. All species except one were trapped using this method. Studies conducted in other ecosystems suggest that hand collection may be the most effective method (Ellison et al. 2007 , Ouellette et al. 2010 . Ouellette et al. (2010) collected 95% of the species identiÞed during a survey of ANP by visual search. Ellison et al. (2007) collected 94% of species identiÞed in northern temperate forests by visual search and litter sampling combined. Much of ANP consists of granite outcrop, a substrate unsuitable for pitfall trapping. In addition, for both ANP and northern forested areas, it is likely that the complexity of the habitat make visual collecting much more efÞcient. Lowbush blueberry grows 10 Ð38 cm off the ground (Yarborough 2009 ), making it a simpler habitat, thus pitfall trapping may serve as a more efÞcient method of collection in this system. Collection of leaf litter in the wooded area surrounding an organic Þeld resulted in one additional species. Therefore, results from this study, in addition to the calculated rarefaction curves, suggest that pitfall trapping and leaf litter collection are sufÞcient methods to thoroughly assess ant species diversity in lowbush blueberry.
The least surprising inßuence on ant species diversity and abundance was crop management. Several other studies demonstrate increased predator abundance in organic cropping systems (Letourneau and Godstein 2001, Bengtsson et al. 2005) , and in lowbush blueberry, both F. exsectoides and F. glacialis individuals and mounds are most abundant in organic Þelds (Choate 2010) . Grower standard and reduced risk management types often exhibit similar diversity, especially if conventional farmers do not spray the highly toxic, broad-spectrum organophosphate insecticide, Imidan. The active ingredient in this insecticide is phosmet, which is reported to be highly toxic to parasitoids (Meyerdirk et al. 1982 , Brunner et al. 2001 , aphid predators (Travis et al. 1978, Warner and Croft 1982) , and three predatory mound-inhabiting Formica sp. prominent throughout lowbush blueberry (Choate 2010 ). This insecticide is most commonly applied to control blueberry maggot ßy (Yarborough and Drummond 2011) , a major pest in this agroecosystem. Efforts to reduce Imidan applications involve monitoring for emergence and application only on the edges of Þelds where ßies will be entering from surrounding trees (Dill et al. 2001) . Thorough analyses of the toxicity of insecticides on natural enemy diversity and abundance are important for all agro-ecosystems and commonly used insecticides. With the development of low-toxicity insecticides, the abilities of natural enemies may be combined with these products to develop more economical and environmentally friendly methods of pest management.
The stage of the crop had no signiÞcant inßuence on ant species diversity. Habitat disturbance because of burning or mowing the crop is timed late in the fall or early in the spring (DeGomez 1988) . It is likely that the temporal variation between this disturbance and ant activity results in little inßuence on nests, other than physical destruction of the area above ground. Ant species richness was greater on the edge and in the wooded areas surrounding Þelds. Several factors may explain this variation. First, it is likely that insecticide applications are more concentrated in the center of Þelds, with the edges providing some protection from these chemicals. Efforts to modify insecticide applications toward the edges of Þelds when controlling blueberry maggot ßy may result in a change in this pattern if this is a factor. Secondly, as was mentioned previously, honeydew-producing hemipterans are not pests within this system therefore forested edges may be closer to this necessary resource.
Although lowbush blueberry is a naturally occurring crop throughout Hancock and Washington Counties, ME, cultivation involves clearing and then burning or mowing forested land (Yarborough 2009 ). Habitat disturbance because of land management and efforts to control both vegetative and insect pests reduce predator and more speciÞcally ant diversity. This survey represents the only evaluation of ant species richness throughout Maine lowbush blueberry. It is necessary to conduct surveys of local diversity to provide baseline richness assessments for future work. Mound-inhabiting ants in this agro-ecosystem serve multiple beneÞcial roles by controlling pest insects and cycling soil nutrients (Choate 2010) , and it is likely that many less conspicuous species are contributing a variety of ecosystem services. Additionally, the inßuence of various farming practices on natural enemy diversity and abundance became extremely evident during this survey. Our focus was on a single group of insects. Surveys relating predator abundance with crop damage and yields would provide essential information as to the value of natural enemy abundance. This research is necessary to decrease chemical application and provide farmers with the knowledge required to make informed decisions about crop management throughout a variety of agroecosystems.
